LBNL-1989E

ERNEST ORLANDO LAWRENCE
BERKELEY NATIONAL LABORATORY

7K MV BB RO AR AT BE b TR —BEST

Cement

(R

TR AL
FEHHH A B R Ll =

IR RRRBOR R
XE M fazH]

REVRBT FL BT
HE bR

2008 £ 7 A




1. FER

K Ue T RERON bR AT e 7B TR (BEST Cement) & — T L ZdF2E1
RERCPFAL TR, HABH 2T 2 BoK e T AEB S i) S M RERGE AR . B AT —
AL S T 9 A s A T et i . SRR SERR K P AN K AT ek “ BEST
Cement” Ul G351 T A RERE I, (BIX—SEHEZ 1 1 — DS B AARIE, W]
LIE &S KPR AL S5 18977 ) o AR IE KPR AL AR T ZRIA ], AF i se ik
FAERI ZE K e AL I REFE WA —FE.  “BEST Cement” XX U6 B HLHEAT |5
J€, JERVEH P IRSE B QAR e BT S B oA, “BEST Cement” Xt ]
1 BT NI L AT Al o

R % i
& MRS |

1
1
1
1
S T S | | ‘llﬁﬁ.’ :
1
i W : ! !
1] 1
1
il

W R |

R i AT

& |

BB KIS .i

BT HIEZF

K1 “BEST Cement” [FyEAtiidi R

N TSP IEUE, Wt 5 P A ARUE BEROKT B K P itk
JUE S BAE R NG B A B AL — A a7 S8 CE T Rt s A\
BR, WZHEH6 M) . MIEMAKRXLESE, ZTAMBEEL M5 &
MV ARARL ) S HE K e AR o AR TR0 — A B v Al X Bk i, AR — MR
FH P ALl B RF 78 2 8508 ST ) Rk 7K U A P 3R AT X B BE f S B H P Al R BE L
&1

e S [IPANIDEEISNIRATE

o WHEIHFEM RIS CHRKA . AE. ML, BA. mpeiE. K, K
A AV RIRKILAK S AR TRk A AARTIE &2 (Fi
AECEL At (AL BEARD

o ZMLTAR B EHREME (AL /)

o HEAEMETE (M) KE;

o ZWEEEHIEE BRI ECE (MR BN,

o KUK R FAAIER S (/AR

o RIKHE;

o BAEIHTHAERE LKA (AR .



B L H O PR 1 PRI VA AT E L AL PR T 306 A R 1A 5 32 SR
AN FITEANREZ R BEREAS A2 o VEAIVP AN T 2R PLA N E P A RO REAESS 2, T PR
VA R Z R AV BARREFEE B CE 7 PO P AR A PRl I B 2
%, WBHEH D) o

ZRERO bR THIRBE TP VRAE R — — SR E R, — MR E bt
55 2 R e X AN SR UE R ZE 00, JF UL I R R AT T S . 1% T RGE R
FURAN LA BB BT RE H AR

2. BEUEEAR
a. ETIEMEE

IKYE AN I REFENE OL AT 2 BB LT 32 22 T 7 2 A5
1. W lJR S R A RS
2. AR
a. WURA (Wb S5ECRD
b.
c. Kk
TR &
TR HET
PR ) 2%
itk
ERA
a. Wi (A
b. sk (A
c. %
d. ZELAEIHL
8. JKekr
TEHI NS TP RERERT, DAHZ T BT A BEFE CRFEHENL. XWL. £
FMEERARIREFE) HIFHEAN (BN TFMAEERFGEEIL T O .
BEAR, ZARIL IR 3 ) o h S A — B ot W £ AN B R & 1 BERE, DAL FRAE
PERERE, WIHEBH. AR HAN R & W EFE. AL H AR T %A 5 & A E
R 1 FEE N I ReRE, #IR SRR T

~N o Ol & W

HH T A2 = BRI BEFEEE 5 27K YR AE P2 BEFEIN 90% Aoty B UM VR & 44 LAJR
DIKYE R BB LEB, BERE K KPR KU AR 7= S BEFE . TRA M B SN & 2
AR ENV 197-2 brifEffi e i) : TR AR EKIE (CEM 1D, B
TN B ik 35%, Bk 65%; X T mi i #EsKJe (CEM /A , =il
RIS S ik 65%, W 35% Kk,

b. ERELEE

N T E P DK A i e SE B AR, TP E BERAT ST (ERD ATeh [ K8
P 7 DS EAA  rh EK e Ak, JF HaX DY SR e ki g 1 o K Y A



MBS E . X DU K Ve A K 2 2000tpd 1), 4K 2 4000tpd
i o

BN R A A ] [ P A S B AR A AR 4 X L SR KT8 Al 17 T R
Mo HERDMICEIRR (P EaeRe) , wt DLE PR S AR E .

c. HfrmELERE

B R A FE B i A S BRAB A AR N TF AR A 25 M STHR BB, BL KK
A b A A BN R PR A A B A 2 K. T R IR e S T R R

AR R 2

AL & I REFE AR B R (RELRA KA HTURA (HIMWAECED | i)
WS BB (WRTFENE) - FrAYRTEANE Z i E & 780 13k,
N AR B e i e L K BE AT o AR ) 4% 1) dpe A S R AR T B AR T
WIR s TR AR w5 SR ORI B e SRECR LI A ml T fe ey, B0
A R FEIA REUCRW LR A T TR0 HE Y (AR 0.5KWh/t A2kE) b BIHE SR 3 1
BERENL CHEEE 0.38KWh/t 2281 2, Akbi BE S I i 230 by HLAT DY AN 481 1) 57
R (HFE 11.45kWhit 228D 3, R E AR (RO “T RS (B
¥E 0.10kWh/t 228 4. 24 DL EREFESME, ARl & (0 i L R AEFE Y 12.05kWhit
AR HIS L, IZREFEELE N R AR K o U AR AT AR o 7K o0 TR T 4t
TREFERRZS , 0 KA P o DU R ) R e B 22 o i SR OB} R BT, Ml
FERFE IS AT, BRESRRIRENARE ., “BEST Cement” {BiX
HEFVR FRHG BEFERT LA RSN, R BA BHIR A R G IR .

[ A R 2% B BERE L SR B /K 2> B 5%, “BEST Cement” 5t X B 17
FT AU B, HA AR} AT FORY S BEFE AT ZME AT o BT IR ) B 4 i A
FIFH 2 28 CAnBoRIA ZIHL) (R SO T IR o T S 1) e (i it 2K MIPS
SLEE CHEEEN 10-36kKWh/t TEHHKE, 6-12kWhit HHE, 8-19kWh/t #a4E, 7-17kWhit
FEE®) |, EimiEE (AR 10-18KWh/t P27 o i e LU FRERERUE, REHHI &
() fE B RERE N 10KWh/t 77 s

REH &

! Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.

2 Portland Cement Association, 2004. Innovations in Portland Cement Manufacturing. Skokie, IL:
PCA.

® Schneider, U., "From ordering to operation of the first quadropol roller mill at the Bosenberg Cement
Works," ZKG International, No.8, 1999: 460-466.

* Portland Cement Association, 2004. Innovations in Portland Cement Manufacturing. Skokie, IL:
PCA.

> Worrell, E. and Galitsky, C., 2004. Energy Efficiency Improvement Opportunities for Cement
Making: An ENERGY STAR® Guide for Energy and Plant Managers. Berkeley, CA: Lawrence
Berkeley National Laboratory (LBNL-54036).

® Kraft, B. and Reichardt, Y., 2005. “Grinding of Solid Fuels Using MPS Vertical Roller Mills,” ZKG
International 58:11 (pp 36-47).

" Portland Cement Association, 2004. Innovations in Portland Cement Manufacturing. Skokie, IL:
PCA.


http://ies.lbl.gov/iespubs/54036.pdf

BT BRLAAL, — S KR NV IEFE K VR &= S IS IR &4 o 1% HEE IR/
AR REFELL K CO, HEE M RN, T EMEIR A M PRE S5H B HAE (U
KGR A KA CARCHE R RIEFE Can s i s Fn A ) o

RIFFERR ELKVE (5% IREGM) FIHAMZAKYe GRA ML iR &k 65% )
TEVRA AR BE T T ZE 53, ISR A M 238 Ao () B FE o RERR 2R /K YR I 2ok bRy
PR FE— N 55KWh/t, TR IR IKYE (5 25% Wi kK) IR BE B FE— A 60
KWh/t, B dEKYE (& 65% 4D MBS HLFE— A 80 KWhit (X EEEEFERL
EHAEBIRAM P — R EEFEKE, DN RERERFEKT; RERFEKTEISE X
KR EEES )« “BEST Cement” {Bi% HAMIHIK. ml . ey
FAR KR T ERANIRERE . 2756 DA D RERESE nT %0, By MK 75 B BA LA N
20 KWh/t Ky BEK, 7V 75 BERAAN B FE A 38KWh/t 1738 . RAR K1l K FI AT A1 FELFE
B S M EEIRAR TR o IX S50 T F T U SR Ve R B FFE . TR A M BT IR i i
K2 0.75GIt (26kgee/t) VRAHM . —RIGOLT, RA S EAHARY &R
BT, AR T EAET PR A A (BB SRR AN, B A AR (5
SR AZESE) 1T AFEN 0.75GIt (26kgee/t) TREHM

BHRG

PRI R RN A REFT 20 W UREDBUBR B CIRUL, A7 B Y0
AT BRI L) [ ER TR BRI . SR LR
i HEFLFE KT AL 22.5 KW/t 308, MBI FE /AT TR 2.85 GIA(97.3kgeelt)
ORI

IKYeXr B

TN B 1) 5t e FELRE KT B T /K VR R 4 P B L R T A (emPg) o 1997 4,
A SCHRE P R B K K U K BE S 3200 em?lg FIHLEE )y 25 KWhit 7KTE, W 5 3|
4000 cm?/g I HLAE Sy 30 kWh/t K™, T E ke, A1 . 55
N 325 (KR I LR THIAR /N T4 3200 cm?/g: ¥5'5 2N 425 (R7K IR T E 2R TR AR 4
3500 cm?/g; AR5 525 FI/KE 1 ELR TH AR Z) 4000m?/g; F55 A 625 FIKIE M LL
FRIHANL) 4200 cm?/g. 6T HIRIE A 50 56 8 1 S FETE B2 16-19 KW/t /KB
FRAT DA P faT 46 B K e by % ) L K T A A 3200 emP/g AT 4000 cm?/g ) FELEEZK T
A D AH N 20 BEE 1) d A B KT, AR B2 23 A i Bodd s A MG TH B LR
T 7 24 3500 cm?/g A1 4200 cm?/g {5 fE B FE K- o oA 15 545 H L R AR 9 3200
cm?/g FRI7K U B A0 5 LR 9 16 KWhit 7K U8, L IR 3500 ecm?/g (7K U i
Aok BE FFE B LE 3200 em?/g /KT s 8% (17.3 kWh/t /K¥) , 4000 cm®g (1)
T 1 B Ak B AR LL 3200 em?/g 7K 5 20% (19.2 kWhit 7K ) » 4200 cmP/g

8 COWIconsult, March Consulting Group and MAIN, 1993. Energy Technology in the Cement
Industrial Sector, Report prepared for CEC - DG-XVII, Brussels, April.

® Park, H. 1998. Strategies for Assessing Energy Conservation Potentials in the Korean Manufacturing
Sector. In: Proceedings 1998 Seoul Conference on Energy Use in Manufacturing: Energy Savings and
CO, Mitigation Policy Analysis. 19-20 May, POSCO Center, Seoul, Republic of Korea.

19 Buzzi, S. 1997. Die Horomill® - Eine Neue Mihle fiir die Feinzerkleinerung, ZKG International 3
50: 127-138.

' Hendricks, C.A., Worrell, E., de Jager, D., Blok, K., and Riemer, P., 2004. "Emission Reduction of
Greenhouse Gases from the Cement Industry,” Proceedings of Greenhouse Gas Control Technologies
Conference. http://www.wbcsd.org/web/projects/cement/tf1/prghgt42.pdf



() 7K U6 P B3 A S H AR L 3200 cm?/g 7K e i 24% (19.8 kWhit K8 « AT
X EEAE N AG ST HA SRR K e B S R B FEFE, A SRR TR B R TR S M R BB
HLHE o FRAT B AL JE A R SR /K Ve [P0ORD S REFE S RERR SR K Ve AH 21, B /K s
TEFYIN 65%, R EIKIE IR IR & & PN 35%, KILZKITR BEREFE S
WV TRk BE REAEAE Y (BIMEH R 65%) , IR & 5% BiahA KA IR KA 7K
JE IRy R BEFE S VA 5 REFEAH 24

FoAt A= REFE

— LR YR R TR 155, BT R A R AR el kg ik Rk an i
XEE, E LT RIBEREL H 4] MAEEFER 1% .

HoAh A = REFEIB AR X P BT 4l B & A W& i ah il ke (1B &
WK Ve L i R BEREHE IR AE AN o — AN KR AL B B A ) S REFE L A
10KWh/t ek}, BTA k3 & R BEREL N 1—2kWhit /KBS, TRBT. A%
A A & P S RE R R FEZ) N 4] BRI 1.2% . M

3. M Z TR

“BEST Cement” i FH 7 ] LB B UK Al 57 S e A SR R HE 1)
25 K Pe MLASCR B, AT VPl B K Je ML I RE UK« ZEAES S K
bR B B 1) L2215 21 S B 00 UE I A T 4 57 1) o JEHE KU A AR A 7K T
AV [P AR SAS JE SRAR S AR 72 AR (5] P B (R TR ™= &, RO SR FH BE R = R R 1
Ko XA AR — A0, FONBERUEEEL (EID , iZFehenT U= H P K
TN FIBEROK o EN FEARIE SCRVEA T8 WLEE 6 3557 -

TEVEAL T AV BEROKF 2 J5, F P AT DL e ik 56 Ay B2 R FH 1) B 33008 I ke v
i ZRE R e P b B ROK T2 o A P a] DL 382 75 R F 5 — Re st e
CRH, KA, $9KkH) , WSS KH, B el e e sLiEfe s (i
25%. 50%) , 15 “BEST Cement” & A A itE BT RERE. R RA. (1
WA B —ANHT I EN FeAnE . BRI T ] £ 1% T 2 BiX B4y,
AT B 6 57

4. ERHTEE

“BEST /Kile” LH@GH T A4 =554 325, 425, 525 Fl1 625 7Kgk
TedNh (REEREh/KVe. HH@EAERR EhK Ve . B KIE . Bl K Te . kil 2K 7K Je LA
MEEKR) .

5. THENLIERRER

12 Warshawsky, J. of CMP. 1996. TechCommentary: Electricity in Cement Production. EPRI Center
for Materials Production, Carnegie Mellon Research Institute, Pittsburgh, PA.

3 Worrell, E. and Galitsky, C., 2004. Energy Efficiency Improvement Opportunities for Cement
Making: An ENERGY STAR® Guide for Energy and Plant Managers. Berkeley, CA: Lawrence
Berkeley National Laboratory (LBNL-54036).

Y Warshawsky, J. of CMP. 1996. TechCommentary: Electricity in Cement Production. EPRI Center
for Materials Production, Carnegie Mellon Research Institute, Pittsburgh, PA.


http://ies.lbl.gov/iespubs/54036.pdf

“BEST Cement” 5 Z/E— & %34 Windows 2000, XP &Y Vista R4t
Bl FiE4T. B1T “BEST Cement” 7% Microsoft .NET Framework 2.0 it A< (152
Fro B A PR A 23 Microsoft .NET Framework, | FH f 75 227 25
Microsoft .NET Framework 2.0 iz 17 JF Al H At A 5 S

EMNBIE 25, 1% “BEST Cement” H CL& 4 N BRI VR ki 25 B 0L —
ASET S A ARAFAE T AL

6. LEEAAE

AP B KRN TARR. A fE SR TP IR A g R . RS8R
—ANIAERZ A, B R d TAER ERARRNAZ A, P st PLEA S 5K AR
Ro BR, TNV —D—Bhse “BEST Cement” KA TIEK.

BRSOV R R PR T 3
(1) PEAIPEAY
(2) PREVEAY

VEAHPHAl ZE R H P S AR D BUAR OGAE 7 Hidi -

1. W lJR S E A S
2. Rl
a. TRE (WL SECRED
b. B
c. Wi
TRA M
TRA M HET
PR ) 2%
itk
ERA
a. TGS (A
b. fiEd (A
c. &
d. ZEHAHIL
8. JKVetn &
FAh, AERE RN H AL — Le A B 7 T A REFETR oK, ARG — LR AR A REFE,
WY, TP A A H AL — e FE .

~N o O AW

PR VTl LU R E VA TERAG 2, (2, PRI Pl SC VR DU A\ L% 1 A fE
e CHARMAELHFE) (i A DRI A Bl ) - SR, PEEY
fiti 3 2 D R RARE S S B E R AT R

AV B AR PPAL 5 BN K e B R A



PP AT DA 6 AP BEAR PP A B A 3EAT VAl AR IEFEREAR DAL, 75 24
B TAER NN B 58 . BT 2L, R BT R a1
AR, BURZEITH R BoR = B AUKE ™ &

s AL AL, PR A AR AR Bz R PR PP A B P PP AL, EASE — M
TR,

FER NG T, P /5 2 NSNS L DA SE B Ak R RERO Frid A2 .
Jr IR U B T ) BT o S 1 BT AR AT T 1R, (2 P B AT LB AT 1B 2
FARB I S Ioks (k) 8 E & O A B s BT S K, — BN
REB A

PR RN T 1—JERLA Rkl
FES T A L R 5 2

JEoRE

1. FrHBA KA S, MAREIEARN A KA, A

2. IREMIE, XTEMESH, WMASERHEER, PO, WA
REMM AR EHCEA, ME “HAREH 17 M “ AR e+ 27
AR KR

3. BATURSG, W, T LR ERE, M r M e, ]
LB AT N8 -

LTS

4. RRAEFH P Alb s Y K P 28 AN R s ik R A . il B TR DAL R
RS L

5. S ANARRRP A A N AR B, SRR BB R

PR 2— KB EE
FESR O AT IEN DL T 5 B

7K
6. HINSFIKIBHIF=E .

%ﬁﬁ&ﬂ%%,ﬁ%%ﬁ*%%%%%ﬁ%%%ﬂ%ﬁﬁ%o%F%%ﬁA
Bk P S B ARDR EERK e b B S AR H P SE AT A\ B B it v S A 2
KA

FER L AT LT 5 B

H5E, BRIV LS R

7E, EAFENAKEE (TN « WA LMEE (TN «
KU AR b B A 4 T AR 5 HE A R TR A5 RS BORTE KR LR TTg . A



N T R REVRH e B . TRBCIEL B B BT A IR R FBLAROR B /KPR A= IR AR 34, JF
R R B R S RCERAT I & o T RAE I P E B A P 8ds . CInsRoR
FIHABRERR L, P 2B IERAHEUED o AU TRk E. A
FHA T HAR @ k.

INRTE, ] REIR T A e ) B A (g, 58D N REE A (kgee) .
REVRTHFE CPRAAVRAS)

XA LR S AN AR F AN AR M R X B B & LR S R,
Blan7KYe s BE S e A5 F b, ORI Aok B i o (0 v o o A8 W78 20 1 6 ) REAE A
2 FHUREFERN AT A UER .

REVRTHAE (PUETFAE)

B NFEA KPR AN R RERE (FVRLEAY) (R CAE BTN o FEAR A
T IS R R FE R B LRI L B I TR

BT BR B e N AU E @ T AR 2, BRI .
REVRIIK 2.

i N K e A M BRI FE A 7K U8 2877 1 2 R ORI 7 (¥ A o E S 1 FRLTT RS
P, RS BscE A N P B o AR SR P R RITE S AR R A% AN 3K
111 AN B ) de A T A TR SR A T S AR BEAT T 55

FEZ TR A MR PR Je AL B 88 H s . XA HARAT LR |20 b (n 20%)
W] PN B AR % (40 100, 000 MEFRHERE/E) o QAR P B2 7 EEEL,
VU 2 £ B ST A% T AT DL PR SE PR BB I B

SRR S

ZILE T Ze 7 /KA MLBERO PRI TELIE B CRLFE [E BRATE AR FR) o it
ITVEANPPAL, FEAE KB AR ML AT FH P 7K Al % TR B K — — F AR LG . 4
SRIE PR PP A WA 2t v 7K e ALl 25 T Fe O HdE , DA K R v /K U Al A 7k
oAb 5 HEFE AT L ERCHE o [ B A ] PAY A i o S BB (B MR AR 5 R A S e U
HHAEATT o F P AT IR AL AN DAL S e 2 T T o 4% 2 4% 2 SR P AT X A
B R VA KR FH I BE R it o

H Frxi AR g R

FEARTT, BB —M@ELEoR 7R FR KPR H ATHIRERE (A omBERE) , REFE HAR{E (H
A2 H b e g DU FARED BUR BB (BB P R, 2R 00 SRR REFEMHE
LG =AME R BAAS A P K e Al SEPRREAE 5 RERE H ARME LA K [ Brf HE 7K1
Z B R



FE N g B R P oK A 5 bR AT X B SR o 1 A P Al
AE Y5 988 JEE R B HE il REVR i P T 5t RE ST A AR B E L R Y P K e 4l 23
BRI R bR, REREEON T AT 5

SR *E, _

Ell =100* = =100* ——°
ZPi*EIi,BP ZPi*EIi,BP
i=1 i=1
Hr

Ell = REsdREL

n = &R icE

Eli = F=RhilsePragdionE

Eligp = F= i) EREIR R

Pi = i,

Ewt = FTAT= I SLbr S REFE

LA VP A 7K Y A Ml S BEYR 58 B2 -5 2% TSR FH <X At B 91 e - R i
REVR RS (1T EEXT, BN AT AR R PIAd ™ O RERAE o PEARVEAL IR, THER %
Rt TR SEBR RERHRE (MK Je r I RERE) 5 2 % s HEFR B 2, A5
SIS BEEAS K A E5 SR o PR PPt IR R EL B SO 10 2 RE R E %

BERRBER S FH P 7K A SEBR I BEFE K1 5 FEHE 8BS 7K e ARk B BEAE /K F
X L SR . MR E X, FEMEB S K Al I RERGE BN 100, 15 sk Rk et
M BERFE AR T 100, P Ak SEBR K BERE/K T 5 R HE B 25 Al ) REAE /KT
22 B AT AEAE A2 P oK e Al AE RERIGR T I i 178 7«

Z IR AT DL R A A FE T — IR BE VR T HE o H BE HEAT 3T & B 25 [ AL S AN & HR
WFELL L PVEIT & 25D s AEFE O HLBEHHT I S M e BVl & 250
THEAF 2 EIN

€ F P Al s B R Bl S 25 /K L RO BERUK Y, BEST $2 L1768 (FERE
FREL W R BE TR RUA T 2008 1) vEAl o AEARTT, A 225 B AT e [ Frodw
SR . T TN E Y RS R

FITAT I BERETR bl 2 2R 5 BEAE . £ 5 FURESRZE T REMK e P i i) i fiE . e H A
A A ADRRT A P A K Rh DS 2 Te] T, AR e iR B, R
MRS R SR KRR . SRR, ZREBAETREE T A R RO RHRE AR ™ — I
THARRIRRE, AR, 5 A SR 5 DA 2 52

H A XA R

AT B Boxd AR 2R 5 25 KD B8 R R B0t A2 X EU P 7K YR Atk S B BE 67K T AT
WAL REFE AT ABUE FI P 7K JB Al e i 31 [ A FEHERERUK T, BEST $2
PARFEETTRE CRAEAEARD B T RREIR AT 2078 T1 R0Vl o AT B BEFEFE AR AL
FELRE REAE . FEAS LI HR A m] DL S RE R B R 8 R L, AT DGR 2T



YRR FE O HLREEA T 45105 1 AL R P 5 BELA S LT £ RHD sk
SHREFE. O BRIAT 47 2010 (L8 IR AT & RO

BIFPXR (ERAPHERA)

ISR T AT P A A A S B S T R BRI . IR, T L A
O FR) 4% A1 348 39 S8 7 i T VR RERE Ot FEL T EAT 31 45 6 285 RE A% i A A L A3RE LA 34
E3T & REO &I RERE Onf L EEAT I S I U5 e VBT & R B0 I bral
TR 3 B LA R IR s P Al () F R AR AR A S IR BTV S,
2 BERE LA BRI RS TP P o EE s 5 2 BRI ORI BoR B P AR S IR BRI
THAE, B0 e FEFL S B IR AR P T o EL) s B8 3 A BRI AE S — IR BRIEH
M, B REFE RS REJR A R BT 7 B9 ) R AR

X, i I AT DLk SR B bR TR RERAE 7y, AN ER IR, R[]
bS5 R B PR A IR Y

S35 i DL T

— H{FEH AERE AL, BEST #tnl LUE S ik BRI RE R T+
(¥ 71, RERGE IR 6 AT, B LLN 6 AN F:

- AERM

S SRR

.

. KV

- DS RS R R

. NHWE RS

W N -

SN

5
6

PP AT EAT RV 5 T RE AR M LAF R . M P e g IR S it B
e B VPG 45 R T B A LR

BEGK A8 R It AR R AT — A I8 T 5 T RE R I (1 51 3% o XUk S5 AT 5 Jti 42 5 11
Jokg (LS5, RIRJHR IS T A ReRdb i p FEaidi Ml . & — TARR MR g
ALY, BT RAA S SE AR ORAE B o H P /R BRI i 1 R h e i, ik
B BRI Al P SE X IUE Bl . AT =M <R, SEASEHET; <A,
AP SR BT WARIEFEGE, ML, FEAE T AN A
Gt

BEE T LI AR B3 AR R PP 2 2 T oK PR AN Al AT M B DR 2256 (I, P Ak
Ve A AL 2 I S BR BERUICT AR i ) 2 Bt Y > ) BEST /K Y8 TR fE
TUFE AR I 24 45 . Rk, “BEST Cement” WU X Bl it /K Y A Ml 1) BE R0
HZ DYV, SRR D) A Al N2 5 L b i AR BUR BT .

IR BE A I L AE R BE AT LAG th ik AR SR b il (55 s AR, SXOn] L
PiAT HoAb Q2 P T BEFE M RCR BEAT &t JF4h S (IEAT AR AN e Al



b, R 45 BT RE A i YT 2 [ OR ]. XAME B 2 e B R 1 B AL 45
RTAER (P

BN L 1 RERAE i LU, sy OK 24, B[R] I AE R i e 3 T4
R, ZIAERINMAANE Ly CHRRRGEHMN LR KEVHEEIR. EfFH
PSR AR AR ML A 25 R sk Bl Al 0U/AR 2 LR H

ERELEAE S
SRR EEEE SR (S O € ==l DS ECAR R LR

B MRAEIRIE R 7OV A RERE R, BT H bR, Pk RERCH It St e 1 T
THRERE, DASEI BN A I RERE e SR B fEL . PO SE IR, m] A3 0 S
WEPPA Al AE ST P 28 B A it 2 B 2 5 55 BTade H A DA B A i A S B AL 1) )
ZEHH

B MRER E R PP AL SR PREN, LK = St 5 (1075 ReEdi it e
ENZhZ /Do WA E NS ARENEHE A 2 R0t #2 TAFERIRE AL, e
AN T IRAEREMI T SEAE R B R A B R AIE AR AR A S VR 5T 2%
HO oiH R TR AR (R ER A AERERT AL

KGR TR 1 — YRR A1 4 T8 0 AR 7 P e i i vl LA 48 O e B (T
SEARUEREIE) 5 BRAS BEAR T8 72 A0 FH P P adefi i ] AT 48 B A CNRTIEED
DL R 73 A0 P B ide it v CABRAR RO HE RO (O S AR Bi 4D o IR 2
BT 2 b RE VR MEUT SEAS 2

LB HE

Xk TAEROIFP P KT, Tl (S35 sKUe AL A ] - ik 58 A4t it 1Y)
REVS A, IV 55 dim Al HE TR AR SSH s

s OK AL 18] B “RERH M 5 TAFR,  H™ n] DAAE L BB VP RE R it
o RAF A RIFIR

SERFR
2% H A 7 BEST Bl H 3 2 2% CRik
7. BERHETE

N AT DR R RE RN i, I AR T IR A 2



EREIE (TR HNRBEERS

R KU UL RGORME N IRYIRE, AINEERL, BRAUKIRLAT % . ik
RGA UL R SRR RGP DU R REE T D%, sk, R
FRUBURARI3E 7 7 AT, 9ol P, T — P S 20 AR P 7

REUR/FR5E/ oA I A 25 -
o CUBRHUMENIE RS, AR 2kwh's
o HUMHIE R LN LA A KL BRI A RL ™ i 3 67T

S BB
Starrdand scraw Standard screw l Shoet strew
zaciion eeglon |
End talet Ben ppe gver

Hanger bearing dischange
J caniers ' IZL
3 _. A AN W4 AR s W W W . ==
o e . —— e

— L] —
T S Soew
NG Mgt 4 Ol Plpa b,
Serawr Support didneler C|E§$“
Shalt =cdlas — |t e
A=A 12 Glearanse

BEJEEP IR E . T T (=K JEAE =) @ Freaes) » Bhatty, J. 1., F. M. Miller #7 S. H. Kosmatka %7, ¢4
2KIEHZ, 2004,

EY iR
« ENJ Chittorgarh AR Birla /KiE) ", 4545 A0R S BhiE i R Gt b
B RLE, R T 124 T IR R, FHACH 15.3 £ L/ (B
2.64 TE/EHED 2
« EQJE Chittorgarh 21§11 Chittor kI, 7ERAME GHu¥k A Gl 2ekD |
FIHLIIZ S RO T i RGE, S T REMERLT2 2.35 T I i,
HO A 10 /5 HkL (B 1.7 SemiseD 2,

! Holderbank Consulting,1993. Present and Future Energy Use of Energy in the Cement and Concrete
Industries in Canada, CANMET, Ottawa, Ontario, Canada.

2 The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/SGS-UKL1175340468.27/view



http://cdm.unfccc.int/Projects/DB/SGS-UKL1175340468.27/view

R RGE (TR
R Oy TR AU O LR A A R EERBEIRAS . AR A se Bt . i
BIEHIEAG LI, IFRFSE R . AR AR I IR AR 4R 00 M A o B 1] R S ) 5

TR

RZHOKYe) o I 4 22 e — A 2 RS R A KRR BEAT R & o 222K
Je)  RANBEIML RS, ZARGFI A 6 £ 8 MAN[F] 1 if G 4% MEAN R A AR R ) H
Lo B TOKIE ) R E I (SRS AR ARG AR RE R AR, TE
KR, WPRI R 2 EORL R, JRHE MR E R ARG . IR
BRI BT . BARK 2R s Ke ) R AU B R R R 4t
F@%@%%%@K%V@ﬁ?%ﬁiﬁﬁﬁ%ﬁ,ﬁ%ﬁﬁﬁ%ﬁ%%%ﬁ%ﬁﬁ?

REVR /IR A 1A e 25 «

o KRHEHZTRIA—NTRWMAME NIRRT IRA R EFERN 1.1—1.5k
Whit £k, 0Tk RN R R EFEN 2.2—2.6 KWhit Ak, 3T
Rk R E AR E (BOES RSB E) LR/ reEilke: I
4 HLFE 1.0—2.5 KWhit A2l 12 345

o TERMTIIMLEE U RO, W R GRS A0 F 2 A R 40 B 2 A AT — R IR
WRERIBRE, TARMUR— AT F L E RS, WA R R

o [RULEFTE 150000 M A4k FE IR R IE A A 550000 FE TG, FISA AR B0 IR AR
3.7 FE o/l ek .

! Fujimoto, S., 1993. “Modern Technology Impact on Power Usage in Cement Plants,” Proc. 35th
IEEE Cement Industry Technical Conference, Toronto, Ontario, Canada, May 1993.

% Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and
Concrete Industries in Canada, CANMET, Ottawa, Ontario, Canada.

% Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK.

* Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.

® Gerbec, R., 1999. Fuller Company. Personal Communication.



SEH BB

BT \bau, ZZ[E K 4 http://www.ibauhamburg.de/raw meal silos 01.htm



http://www.ibauhamburg.de/raw_meal_silos_01.htm

AR BRI RS (D
R IS — IR ERORSR R IRA Bk . 2 BRI, Tah R A
Bt W, HAREBE RS, WAE— /DR R SRR AR A REEHTIT R . —
AR TN 22 A B4 ] 2 BE W AR M X i A MRRRHE A RN OR B — S BAR IR 2, I HOU B
fZhIR MRS e — A AV o BB N SEPRR TR 1 R] e G RSBk 1 DL (FE R R
G TR A3 7 P 2Bk 12 70 .

BeVR /PRI A At 2 <
o TEFFEAREE 6% MR, BEFEFAR 6% 5L 0.8—1.0kWhi/t ZEHI,

Gk B A -

without MPC! with MPC

Approach limitations
closer with setpoints

BRI T 1T 7

http://www?2.sea.siemens.com/Products/Process-Automation/Performance/PerformanceAdvancedProcessControl_mvpc.htm

! Martin, G. and S. McGarel, 2001. “Automated Solution,” International Cement Review, February
2001, pp.66-67.
2 Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.


http://www2.sea.siemens.com/Products/Process-Automation/Performance/PerformanceAdvancedProcessControl_mvpc.htm

SLERER (TR
R FT R CEESR AR A0 ) A5 B (AR GEBk I T F v RSB BRI AR AL
SR FREE R SR IX S 553t 1 BE HLRE U6 LE DRI b SR A1 00 548 REVR . BLAE
3 EH Z RO RSt

ﬁa%/%i%/ﬁizt/ﬁfmtﬁtié
227 B K 4R BE AT LI e 6— TKWhit A2 K1,

o SLEEMY AN AN SR T AE YRR BE R o R DU P AN 2 P RA EDHLHE K
ARG T TR A R B St R AT T2

o BRI AL IE 5.5 Kou/miA kR,

S BRI

(@) £ (b) = FEFEEIHTHIEIERGT, FWT (BEFRFZRKIEAL 5 #2)  Bhatty, J. 1., F. M. Miller 77 S.
H. KosmatkaZi, K154k 2, 2004,

E )

o WPRISIBPRF KR 1E 1998 22 | — GLERILEE, BT e EAENYE, HEm
TR RSB I T ke

o N[FFHEH LKL \TT HoKeEr~2 bacds 7 —& 80 Wi/t A Rl Sr B . HpfE
5y 15.4kWh/mi, °

! Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.

% Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S.
Department of Energy, Washington D.C., USA.

® Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and
Concrete Industries in Canada, CANMET, Ottawa, Ontario, Canada.

* De Hayes, L.J., 1999. “Flexibility, Availability and Maintenance Concept for the Quadropol”,
Polysius Teilt Mit No. 208, pp.33-38, Krupp Polysius, Germany.

® Presentation by Allbest Creative Development Ltd. Information available at:
http://www.cement-hightech.com/files/alIbest-cement.pdf



http://www.cement-hightech.com/files/allbest-cement.pdf

AL (%)

IR IR P BRI — T A2 v e A LK SR A o AR LA 0RO, AAELRSURE 73 25
ok FUBURL AR NS o s RO A LR AR AR YR 2845 B rh A m] A A
PRAERTIERIILE 7 B BCRARMR, 3 BUANRORL P CHE N B rhad by B, ANTATHE I 1 A4 e
Feo DIECETFR S PSR ML FERABGEMHL, PR BRI T SE K,
TP ERCRTE G, Wb TR

REUR/FR5a/ oA I A 25 -

o CRARRGEHUL T TSR 8%

o FPIFFFERY, RHERCERHL AT EFE 2.8—3.7kWh/t 2L 22,

o FAERCEBRPL BRI BT LML 16% . BLAh, BT e RO b pLi i
FERLEE KT R ST °, 7= s R TR

o EARMIARIUR S FC AN M T 28 B RS AR VR 1, O LG RECSE PVRL

o BVTRAKL R 2.2 650 CFemEAERLE D .

G5 P BRI

Rejects

(b) Loesche LSKS classifier

LRI ERCERPL, RIRT (25K JEAE =P @ 3reei) » Bhatty, J. 1., F. M. Miller #7 S. H. Kosmatka%, K455
FKIELHZ, 2004,

KBRS
o 1990 FEFREIKIE] A BIERCE T mRAGERHL, AR TR, HEK T
HFES.

! Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and
Concrete Industries in Canada, CANMET, Ottawa, Ontario, Canada.

Z Siissegger, A., 1993. Separator-Report '92 Proc. KHD Symposium '92, Volume 1 Modern Roller
Press Technology, KHD Humboldt Wedag, Cologne, Germany.

¥ Salzborn, D. and A. Chin-Fatt, 1993. “Operational Results of a Vertical Roller Mill Modified with a
High Efficiency Classifier” Proc. 35th IEEE Cement Industry Technical Conference, Toronto, Ontario,
Canada, May 1993.



RERBES S5 GBS

il TR, R GIAT IR S FISL A0 . RO FRAE 2 R e i it
(PR A . PR IRAG, SRR 7 T A AR IR . SR R R MR e
H R R 2 R

BEVR /PR S/ g A 1At e RS «
o —EBCEENIRA RSFEHE 0.3—0.5kWh/t AR,

SH BRI

BRI é‘, [ e A B R, http://en.wikipedia.org/wiki/Rawmill

! Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.


http://en.wikipedia.org/wiki/Rawmill

TR HLEIKEE GRS
Hoks (ERZHOREE T, BB MR ST HUE R

ﬁaﬁ/%ﬁ/ﬁimﬁ@lﬁtﬁ
— N ERE BE ARG FERE Y 13 KW/t TR P /K BE BE B AR, TR [ FR 4% 95 1
ARREATHANEL T, BRI E 5—7kWhit',

o WREBAEE, KU R —MBIFMIESE, wE AR B R AR 5—7kWhit
B 40% —60% .

S BRI

M, FIF T hitp:/www.xzhdjx.com/english/showinfo.asp?id= 12, M4 pLik/ .

! Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.


http://www.xzhdjx.com/english/showinfo.asp?id=%2012

PR 1) % 7

R TR E, SRV Tl kL, 2 REKJe a1 2Rk Bk & —
WA AR P2 AT o Bt AR — R R . R BE . METAE. TR ISR
i, —RESCE ST, DL TR RO ARG KRR . Ry S A A S R (o B T
GEARR . R ST BRI A e 5.5— 220t/ (KA E A o 4 ER A M BILAE &R K FH 57 % B A
WE, R, HE. . EmE. HARRMZRESE, LR ORI B 7 TH 3RS
IZRE, R4 100 ZKPE) R AL,

BEVR /A8 R A I LA i 25 «

o — Al BEMIRERE N 45—60KWh/t, T BEIREFE K2 25—26kWhit. i 7
B, RGBT TSR TR

o BRI ARG EREACEE RGNS E R (TR BRI RIS N E
K AR K= AL SR . (E, X150 5 B R Ah 8 B TR A3

o OLBEMHIFE KL 16 —18KWh/t B 1o TiAR BE (1) FLAE R 10— 18KWh/t K52, BREE (1) iy
¥E52 30—50kWh/t 1t

o OLEEMFCR A — MR T B b i B, (H IS AT B AR AR, E A BRI
20% fiAi, ELpPoRBEAR 50% AT Y, K] HL 7—10kWhit .

G5 P BRI A

FEFIEGEBPIAIFEN, KT (952K A= @) » Bhatty, J. 1., F. M. Miller # S. H. Kosmatka 7, #
FEKIER S, 2004,

eI

o HLRUREFZEKIE AT T 1999 FE 2B T — G IR LB,

o WEBEIK YR N HAE S E by DN B B RS KT R SR E T — G, %
SEERIFARE Y 41.3 WU, IFT 2001 42 MBI A7

EHRRER:
FITAT T2 BRI BOAR MR 55 T AR 4R bR S B

! Cembureau, 1997. Best Available Techniques for the Cement Industry, Brussels: Cembureau.
2 Bhatty, J. I., F. M. Miller and S. H. Kosmatka (eds.) 2004. Innovations in Portland Cement
Manufacturing. Portland Cement Association.



[ 2 PO AR B B KPR

Wi IR OEIRBERAE ) 1 FH R 15 K . SRS ROBAATH I R
Clit Lytherm B AEU5I D A5 TEKOBDRHILIE 6 ZEHEE K e R R 22
TR 1 AR SRR 5 BB D I P B AT ) K o TR
BEARD AR S S (G RBUBRBE A HOBAR K PDRHIE B R T2E R 1
LR T2,

ﬁaﬁlﬂ%‘iﬁ/&mﬁfﬂyﬁtﬁ
K 1 b B KPR RS 23 d i s AT G, M 2t S (Rl P B4 K

lﬁﬁﬁ?mmﬁﬁkﬁﬂ%mmﬁ$%

o CRBGH A I KA EHE e s A AT FE bk, IAME T, KR Ik 26 7 A
FEoa b 7 ERT s OIS FE P RE RV FE

o HEAERINN, KR R A B A R KR RS (o R E REJR > 0.12—
0.4GJ/t (4.1—13kgee/t) Hk},

. Kn ARG RAS KL 2 0.25 270/ ARkl °,
Sy 5 THI R 2% RE T Rl 2 PR 1) 3 284 o AP e ek

%ﬁ@jﬁﬁ

A F A5 5, Miller #/ S. H. Kosmatka %, #7F=%

IKIEBZ, 2004,

RBIBF 5T

o FEM I —ALE R T — R R R A HHRORHE AR 930—950kcal/kg #ukt
(133—136kgce/t #k}) [4 % 800—820kcal/kg #kl (116 —119kgee/t Zkl) , i
TR 14%°, HPEWMINT 1 Wi/,

o WHEIACT M —FK L EKET RH T —ME AR B HRREFEH 900 —

! Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S.
Department of Energy, Washington D.C., USA.

% Cui, Y., 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of Technical
Information for Building Materials Industry of China (ITIBMIC).

® Schmidt, H-J. 1998. Chrome Free Basic Bricks — A Determining Factor in Cement Production
Proc.1998 IEEE-IAS/PCA Cement Industry Technical Conference: 155-167; Van Oss, H. 2002.
Personal Communication. U.S. Geological Survey, March — May, 2002.

* Lowes, T.M. and Bezant, K.W. 1990. Energy Management in the UK Cement Industry Energy
Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.;
COWIconsult, March Consulting Group and MAIN. 1993. Energy Technology in the Cement
Industrial Sector, Report prepared for CEC - DG-XVII, Brussels, April 1992.; Venkateswaran, S.R.
and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S. Department of Energy,
Washington D.C., USA.

> Lesnikoff, G. 1999. Hanson Cement, Cupertino, CA, personal communication.

® Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.



920kcal/kg #kl (130kgee/t ekl P& % 800kcal/kg ikl (116kgee/t #kl) 7. HZAEK
Fe A FrE .

o VLHFEILHIKII/AKYe) EHALE FRATTRe A AT, SCILTTRE 0.46—0.63G/t 2K
Bl (16—22 kgee/t Bkl 8. BbAb, IBRESZHIME P,

" Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

® Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.



KA RURHBUGE ) BE B B BRI L 7R 4%

R AR AR AR A B AR 21 UK A R R . THENL B S ] R 4t
A A B O BB I RE AR o St AR R 2 1 E 08 508 ™ i O ST AN )
PE, JBCRLRTE PEANRE L, T ASE ARy BB SN iR R 220 20 RO MRORME 2 A 5 A SE AR
E, MMRAIER|EE L. SERISAKYE) EHE B A F R HlE SRt~ dh. K
LRI RYGCR AR “BNZE” 8% dsH R 5, BE MU R Ss . a1k
SR SIL B B, KYe] A AHE G L BRI AR A BN 7 S R S A
fE— BT B ez, DUEEIRR e 7=, AR PN RER N LR AE.

L R RGAK A FE P I FRRAS , A i A MG A2 45 Ao B3R EY
(F045 BRI R (3R E T . 5 Rl W) A SIRA ZEZEE T & 7 MU fi ABB LINKman 1%
FIEH RS, LINKman 240 &I A TR CFERNEE) o 54— AH, W
F.L.Smidth (J}3) . Krupp Polysius (##E) . Mitsui Mining (HA) 25, AT “Hi
B2 HR%. & RRGEEHIZE RRMN— D ERE LR HE NS E S50
AT R L T2 1) R Gt o LAt P aok PR 4 1) 2R G 458 SR ) o VA 2 B B b i o Ak
AR R, DRI J0 VRO VA R R AR R R TR LR i R . E AT
IL%/AHT; W1 ABB SR E B AEA R Yun Tian, 05 REJRE B A REfE Hl5E 4t TR 1010
FEHAS,

FEABRMIKYES, HAFEGIER IR AN &P REHIER ZEHE. H M 1985 1
WIRNHZ IG5, AR RSEAE] 7T 2N, FEERRNIVE 2 K] Bk . K
%%&iﬂﬂ%&ﬂiﬁﬁﬂm%ﬁﬁz\ﬁﬁﬁﬁﬁ, w18 ABB, HA/DHCONE P A FIF
R
REVR AR/ A A i 2 «

o IFEEHI ARG AT SEINNAE 25% —10%°, HALKGTTREVE R 2.5% —5% .

o XHIRBIMFTA YN RGP SEIRE 3% —8% , [FIRTIERESRE m A A &= . i,
Krupp Polysius #RH I K iz ZEi— M n] 1568 2.56—5%, AJ SCHLE ™ H AR KAt
B 75 2E K 25—100%

o Lt REEH ARG MA TR, HERA RSO EE 3 A A

o EEHIRGMANIIHARE 2 FEEUREHL, SR IE T BT DL SIS AT Y (RIS . 7

! Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

% Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom.

® Wang, Yanjia of Tsinghua University, Beijing, China. 2006b. Personal written communication.

* Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

® Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom; Haspel,
D., and W. Henderson. 1993. A New Generation of Process Optimisation Systems, International
Cement Review, June: 71-73; Ruby, C.W. 1997. A New Approach to Expert Kiln Control. Proc.1997
IEEE/PCA Cement Industry Technical Conference XXXIX Conference Record, Institute of Electrical
and Electronics Engineers: New Jersey.

® Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom.

" Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom. Martin,
G. and S. McGarel. 2001a. Automation Using Model Predictive Control in the Cement Industry.



BORHA HIHL R R FE 32 1 e B i AR RNISCR AN 7 i, 603 S i B 465 Ao i, 5 92> NOx
HEW®. %23 —% Process Perfecter (Pavilion AR A AN~ AeidE 10%, JiF
BIEG BRI 30%, REFENR/D 5%, JHE NOX HEBUEAK 20%°. 1% R S8 23 A= 0.35
Fgul CHEeMIEED |, A RS IZ N 1 45,

SRR I B[R] B A R e g ) B R AT 22, TRUA [l 2 1k H2 2 2 H S
5K T5 1) 22— AN A T A HLRORE S 4t (), T NG AL 28 AR A0k e E

Bt XHForas, N T IRERERON S SR, N R IEREGE A2 R
35 e L,
o EROHAAEEHEARKNE, (B THEZRTERERSGSEE B U
VSK [z, SHELEHRI AR CEBRERFENCGE” H5)
o UEARIAURENE A I MEASE: TR E AR, Bt E AR
RAE S EMENEE (R Ssh. B HRARERLERD .

Pavillion Technologies, Inc., Austin, TX (based on a paper published in International Cement Review,
February: 66-67). Available at: http://www.pavtech.com/

& Martin, G., T. Lange, and N. Frewin. 2000. Next Generation Controllers for Kiln/Cooler and Mill
Applications based on Model predictive Control and Neural Networks, Proceedings IEEE-IAS/PCA
2000 Cement Industry Technical Conference, Salt Lake City, UT, May 7th — 12th.

® Martin, N., E. Worrell, and L. Price. 1999. Energy Efficiency and Carbon Dioxide Emissions
Reduction Opportunities in the U.S. Cement Industry. Lawrence Berkeley National Laboratory,
Berkeley, CA. September. (LBNL-44182); Martin, G., S. McGarel, T. Evans, and G. Eklund. 2001.
Reduce Specific Energy Requirements while Optimizing NOx Emissions Decisions in Cement with
Model Predictive Control, Personal Communication from Pavilion Technologies, Inc., Austin, TX,
December 3

19 Martin, G., S. McGarel, T. Evans, and G. Eklund. 2001. Reduce Specific Energy Requirements
while Optimizing NOx Emissions Decisions in Cement with Model Predictive Control, Personal
Communication from Pavilion Technologies, Inc., Austin, TX, December 3

' Liu, F., M. Ross and S. Wang. 1995. Energy Efficiency of China’s Cement Industry. Energy 20 (7):
669-681.



http://www.pavtech.com/

SR R

1 U

R EIE . FERIET (RS KURA ek B 3) , Bhatty, J. 1, F. M. MillerfiS. H,

Kosmatka%, HF=/KIENI<, 2004,
KPIFA:
o LEFEBHIRZ. Ash Grove T 1999 FE1E Durkee Oregon 7Kg 223 T — ROk 154

% —% ABB LINKman R4t T 1985 ¥ 2 34 71 W Pl A =) 1) o B A 3K e ), i) 1)
PREHHFERFR T 8% Y. ZinH RAMIEH N 203000 Fi4E (1987) , HI%T 0.3
EIul CEemizvkl) B, QIR THEAUEERIBE I 2% .

1999 Fr AR — G KIe A 224k T — BB H RS, SLULTRE 4%, [FEIEHE
TR R AR . BIERRE AEIX R AN, 230 B R B A T A
w8 AN HAM,

LN RYE: AT NS K St. Marys ZKJe) T 1999 4E7E & (K Fil 4 i 25 |42
BT —BELSNARS, SO T BRSBTS Tk 1993 £ Holderbank
NIRRT RGN 2 A 0.8—1.7 FEgu/ (FFemfizvkl) 1o,

SRS H]: ENREE Chittorgarh A S Birla /K¥8) 5 #E/KA K 28 b2k B
R BRALAR B R BN, FE/KEIB B S DIWr Ak d, MBI TR S . K
FRALKIEBMERAL BT BB G 2o IXFEIHBR T AR 428 B, 1540 17 0.08 T TLk
IR F B . AT IR TR e 1 A Dy 0.328 A /el (B 0.06 Jo/mEEED .
RALRGEH.: FIJF Birla AR AT K Satna /K8, GH=EWIN, 237 AN
K 3-RHLR G K A e AFEENL, TARESFIER R A 8% o el XL CFREEHL )
HENTALS, MK TREHE, N HBRASETTE THE. THEN 23 TR
L, H A 42 A5 Hmi kL (R 7.2 Joimiiscel) .

12 Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom.

3 Energy Technology Support Unit (ETSU). 1988. High Level Control of a Cement Kiln, Energy
Efficiency Demonstration Scheme, Expanded Project Profile 185, Harwell, United Kingdom.

14 Martin, G. and S. McGarel. 2001a. Automation Using Model Predictive Control in the Cement
Industry. Pavillion Technologies, Inc., Austin, TX (based on a paper published in International Cement
Review, February: 66-67). Available at: http://www.pavtech.com/

> Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and
Concrete Industries in Canada, CANMET, Ottawa, Ontario, Canada.



http://www.pavtech.com/

PORHBGRIE AR b 2 F LRI 225 FRLAL
Hok: BB AHIENL (ASDS) REHYORDHRER, WEIGBITHAR. BHHHLAS
S, AR TR A B B A

BEUR/FRBE/ A I AW 28 -
o ZHEZEUIVII.

LM IR

ESITIS

o SBVGHEF Cruz Azul /KJE A Hidalgo /KY8) NIL7ATH XMLEC % 784 AL, o3 T
FEbE. ATEETE, JRKH 1000 UGSk i FAERRMR T 40%2. K PHJE BB N AR S5 AL
e FKYE) EHAgER T % RE . BT ZKYe] H X LA B AN [F T 4L 28 7K e
J 7, BT R A A AR M.

e Fujimoto (1994) #&EFiyEIE AR IE K Woodstock 7Kg NI 25 XHLEL % 748
BREHL, 8 H FEEPRK T 5.5kWhit 7KJe (6.1kWh/t Zkl) 3,

o Zhonglida £ B4 10 /K2 r (RSB Rk mEE) , NI 40 &
KHLAL (B5kW LA L) FIEE 40 G/NEHL (55KW DLR) 2235 T ARAIIKS), SEPlfy
et 30%*

o Birla Vikas 7/KJeJ TEZH Ao fRIr FIE EEFE S (N 70% F 100% PIEEE) 236 T3
PRI ARG, BUR TR T 8. AT T 0.62 T RUIH/mb ok}, A
Sy 3 AL EGEE (BRI 0.5 Jo/misEh . O

! Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

2 Dolores, R. and M.F. Moran. 2001. Maintenance and Production Improvements with ASDs
Proc.2001 IEEE-IAS/PCA Cement Industry Technical Conference: 85-97.

® Fujimoto, S., 1994. Modern Technology Impact on Power Usage in Cement Plants, IEEE
Transactions on Industry Applications, Vol. 30, No. 3, June.

* Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

® The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/SGS-UKL1175367790.14/view



http://fp.is.siemens.de/cement/en/Solutions/Drives_ID.htm
http://cdm.unfccc.int/Projects/DB/SGS-UKL1175367790.14/view

& RALRBGEMEAL

G N LA BE S AT DARRAR 2 SR AT DR B R s BRI R, [R5 44
REdR. BORTTEEAR, (ERBXFIEGE R F 2R DB &R .

BEUR/FR A5 A At i 2 -
o IXULTIH RIS RGN TR AIE S

E L
e EIJE Chittorgarh 2 ®] 1 Chittor /KJe), @I MXHLFIELRE, gt 7AEK
PLIHERAE, B T 28 S0 H0E 10 R BRI i i okt e A ATTERT ey
2)77 0.0048 T FLIN/MIZEL (6 TL) o BEpi ALy 0.01305 7 LU/ R} (I
0.00225 Ju/MiZEL) o

! The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/SGS-UKL1175340468.27/view



http://cdm.unfccc.int/Projects/DB/SGS-UKL1175340468.27/view

RGP R B IN— H AR

R : AES I — AN Y, ATRERITE RN — TS, B — AN EAE B TGRS A o R
— N Z RN T R A . BEW o RN mKYe ) =&, RIS PR FE I8
/b NOx [IHERL CERF 4 d P IR IR R %D W%Wﬁmﬁfm#%%ﬁﬁﬂﬁ
1HOL, AFKIEBARIRMERE TR T % BARF BRI iy, EsasKIe), Wi E ke A =
(1] Pyroclon-RP 3 fidr e —MetEOL T, 75 HUEERUEZRIEREE ok, T EIHLAI T o
HREE R M, EHIAHNLRA T IERE K 8. N T B AR FHIE NOx HEji, £330
1) 10, 5 B DA S0

2001 FEITHA KB AE T M As, Hoh 10—20% & 3E 1, 80—90% 2 H = fyt, diE—
U FK e B AR SRR R AL 1 7= S AN A R B Ak R 1 20—33% , (H A=A BRI A [H]
i, KEMWIEREMAE AR, A, EPEHARARGER A 5000tpd LLEAUSE K4 72 262,

%ﬁﬂ#%%@ﬁ@ﬁﬁ
PRBLT A8 LB R T I 2 P BCRAGE RSN R S E s i 2, B EIRERD .
o — B PTTINER TR R AR FH KL 3G #kl (100kgee/t #kl) 2.
o HIBUOMEN TR T RERUR A2 0.4G/tclinker (14 kgee/t FRL) 4,
o HEVEORYANEVE TR I A KL 2 9.4—28 &0/ Bk~ AE>C,
o HEIMM P EAE ST ARG T KL 1.1 £ Tn/mi k]

! Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

2 Wang, Yanjia of Tsinghua University, Beijing, China. 2006b. Personal written communication.

® European Commission (EC). 2000. Directorate-General Joint Research Centre, Institute for
Prospective Technological Studies. Integrated Pollution Prevention and Control (IPPC): Reference
Document on Best Available Techniques in the Cement and Lime Manufacturing Industries. Seville,
Spain. March

* Sauli, R.S. 1993. Rotary Kiln Modernization and Clinker Production Increase at Testi Cement Plant
of S.A.C.C.1. Spa., Italy Proc. KHD Symposium '92, 2 Modern Burning Technology, KHD Humboldt
Wedag, Cologne, Germany.

> Vleuten, F.P. van der. 1994. Cement in Development: Energy and Environment Netherlands Energy
Research Foundation, Petten, The Netherlands.

® Jaccard, M.K. & Associates and Willis Energy Services Ltd. 1996. Industrial Energy End-Use
Analysis and Conservation Potential in Six Major Industries in Canada. Report prepared for Natural
Resources Canada, Ottawa, Canada.



O SEYEE

B RS TR BB o I IR TR K IES

SKBIFA:

o 1998 #:fE[E Dyckerhoff Zement A F][¥] Lengerich 7Kie) fE0UE | B 2 )5
NOx HEE IR/ T 45% . (ZIXBE D HE B FAEE E . KR s L E R E0.

e Ash Grove A F & 1979 4E 1 Durkee 7KV8) £ 1998 4F 224 1 Hr () TRINZS A1 43 fif P
, A5t 1500t/d 14 H03) 2500t/d. HOE SRR FERCD T 0.16—0.7GI/t #kl

(5.4—24kgce/t kP °, FIIFED> T NOX IHER -

o Capitol 7KJe) CELAREH, Hwp=il, KED e — 2Ll E il
—ANF R Ay DR R AR XTI AN RSUETE 4, He
WL BTG, 2e3% SOX e E, DAL B~ &. X/MHRIKIE] M
1999 EFFAAFHNME T . FLBRENEFEPS = 3.4GUt Bkl (116kgee/t #okh) 1,

o WL4 Jiangshan T ¥ Hejiashan 7K e BR 24 w] £E 2001 4 A1 2003 44371 H 1.05 14T
AR M#E 7 —2% 1000tpd, H 1.56 1270 A\ R figdtis 7 — 2k 1500tpd #7427k e
PR, M4 T 300 Jo A R T/MEEGEL (37 En/mEBEL) . 1000tpd A7 £ S 117
FE N 85.87kWh/t Zukl, FARWHFE 2.5GI/t #ik} (85kgee/t ZEL)

o EAFM—AIHI MG, RETIEAREE, RGN T 80—100% (M
1100tpd & hn % 2000—2200tpd) , [FIEFFEARHEFEM 3.6 G/t #klg 2 3.1—3.2 Gt
#Bl (123 kgee/t #ukHE % 106—109kgee/t Bkl , SZHLTIRE 11—14 %,

" Mathée, H. 1999. NOx Reduction with the Prepol MSC Process at the Lengerich Plant of Dyckerhoff
Zement GmbH, Polysius Teilt Mit, 208: 53-55, Krupp Polysius, Germany.

& Menzel, K. 1997. Experience with the Prepol-MSC Calciner and a Review of the Possibilities it
Offers, Polysius Teilt Mit, 198: 29-33, Krupp Polysius, Germany.

° Hrizuk, M.J. 1999. Expansion is Key at Durkee, International Cement Review, May.

10 Frailey, M.L. and K.R. Happ, 2001. Capitol Cement’s Project 2000. Proceedings IEEE 2001 Cement
Industry Technical Conference, May 2001.

1 Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report
on Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

12 sauli, R.S. 1993. Rotary Kiln Modernization and Clinker Production Increase at Testi Cement Plant
of S.A.C.C.1. Spa., Italy Proc. KHD Symposium '92, 2 Modern Burning Technology, KHD Humboldt
Wedag, Cologne, Germany.




RTER B EOEN RS T R
Hod: Tk KA TR0 B RIAT 0% SR AR TR o

ﬁaiﬂ? IR R AR I FL A 2R -

Zi MGERTTRE 1L.AGI Bkl (48kgee/t BRL) , WL Tk P O BRRLS FE AN ER
KT TR ZEIRENE R ZEE AR RN Kk P8 TV A & KRR TR ik

AR L

o TGS WUMAZA, HEARZLN 8.6 Fou/MizklrERE $) 23—29 FEou/mhiEl

P
G BRI

B IS TR HIELFE 5, o B AR T R DB

! Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and Concrete

Industries in Canada, CANMET, Ottawa, Ontario, Canada.; Sauli, R.S. 1993. Rotary Kiln
Modernization and Clinker Production Increase at Testi Cement Plant of S.A.C.C.I. Spa., Italy Proc.
KHD Symposium '92, Modern Burning Technology, KHD Humboldt Wedag, Cologne, Germany.
2 Jaccard, M.K. & Associates and Willis Energy Services Ltd. 1996. Industrial Energy End-Use
Analysis and Conservation Potential in Six Major Industries in Canada. Report prepared for Natural
Resources Canada, Ottawa, Canada.



FEEBRARZLRTRARE

iR AT LA K MR A AT, PTREAAE R T . %2
P RS (UAMTFG b ESR, SEARRIT R, DU RBHS
MR, S BRSO, AR (BB IR FEBE AR )

REUR/FR5E/ oA 1A 25 -
o I RHH TGS, N R R R, DU S YR iR 2R (A2 30%
—40%) .

o KM LAY 20—30% LA/ A Bt

o BEETFRERINGIN, BRNAHINLLIUE N T 2 SR HI TR .

o WRAKAMEEE, MEEFESNRWHEEM RSN, EESCERES 26
W51 71,

o TREEHUR T OE TR M FORREFE A s Jo Fr M T Ee B . WRERAS T N
0.9GJ/t ¥k} (31kgee/t Bkl , X IR T P TR A REFE S IR B ES A1 1 2 51°,

o U E G TR AR A PR KLY 39—41 2701 (UFemiBklF=HE) 2, it N E IR
BRI AR KL 28 SET0/ (FEMERL = HE) 2,

G BRI

b : =
‘ "- L3 0 -‘!_‘\

KB ZERITRHIE . 8 /17T Courtesy Castle 7k S, http://w;vw.ﬁnderstandinq—cement.com/manufacturinq.html

ESU15I

o PIIEFENEIN R EMET 1973 Ml 1974 FEEEM 4 2 TIAEBHT T 2 . 76 1993 F A1
1995 4F, =2 A PR3 2% T MU BT TGS « HLBRRHHE #EH 4.1 G/t Bk % %2 3.6 G/t
#okl (140—123kgee/t Bkl , [N & 25 (177 B 1M\ 1650tpd 1 45 2500tpd*. T
R T KPE L BRI — L XL, B ITH AR T 25% .

! Van Oss, H. 1999. Personal Communication. U.S. Geological Survey, February 9.

2 Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and Concrete
Industries in Canada, CANMET, Ottawa, Ontario, Canada.

® Vleuten, F.P. van der. 1994. Cement in Development: Energy and Environment Netherlands Energy
Research Foundation, Petten, The Netherlands.

* Duplouy, A. and J. Trautwein. 1997. Umbau und Optimierung der Drehofenanlagen im Werk
Karsdorf der Lafarge Zement Gmbh. ZKG International 4 50: 190-197.


http://www.understanding-cement.com/manufacturing.html

370 [B] 5% 2 PR I BT B
SMER: OB BRI BT DL 2 A

REVR/ PR A /A A -
o EGRMITIENGS, M E AN 7. XK S IERE N AR AR T
RITUERE (FIA 30-40%)
o REEIRTHSUE M TVEE I AL RERE,  [FINtHHR T 2225 I TR IO 2L
HEHo

o HAMACIRT DL A 0] 2 AR 0 R ) HE T
S BRI

AR IR GEFITHAAE IR A T Castle k8, #fF - http://www.understanding-cement.com/manufacturing.html

RBIBES:

ENEERY Vikram ZKIE) K AR 5 I BARTHE] 6 BB . ABfiTR I, BRoRH
Y17 0.111 FAEMmE (RP 3.8 T-oatnt/mt) , [F MK T 1.17 T FU /g,
PR AN 110.5 /5 Lu/mEvkL CRP 19 Jo/mizckL

! The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/SGS-UKL1175350601.7/view



http://www.understanding-cement.com/manufacturing.html
http://cdm.unfccc.int/Projects/DB/SGS-UKL1175350601.7/view

oS B R EIL

HiR: BERIAFNEVIRKRE. (1) SEEAENL () HEABHNL; (3 ZHERA
ML (4) HEBHEXAENL. LEBHITCERE RGBS EA N, HESE
DRI Z A HNL . SR, e E AN . B A EIHLA
KT R I 2

BEVR /PR B8/ B A I F A A 2

o  FEAHHMM AR R CGEHTRME) , MECRE (GRS ITEAVLIE
FEMRE 83°C, TAZAG L v HIHLABAE HUBHE FE A 3] 120—200°C2,

o ZRAINABEIAT =B T2 YD, RS T e R mE e,

o EAHPLELH T RBA EIHLH A RIR R & .

o XFFREAIKIEK, ERAHPZESEER. X7 2MKF 500tpd 17K e 47~
2k, BRAHNU BRI T B5 T B2 FAEHUE B B A LR IR LK
5

o HUCHESNE A HHLELZ A HIHLI A RIS R By, ATk 60—71%°, AR I8 /b 7
PR (B R mE =8 .

* 52 EAHINAEELE, FERN 3—6kWhit ZUBHIIEh F7 T FE DL BIHE m B E R o,
TR H R AT A 2 T RLE R 1 8%°,

o NN E AN SRS AL B REN R, SUERHNLA BARLE EEWE F1.

o IRHESUEFEE AR, BHNLLUER AN 0.44—5.5 30/ (AEIEEELZFE) o

o FEIBATHUACK SN 0.11 £ TT/MEHEE,

! Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

2 Vleuten, F.P. van der. 1994. Cement in Development: Energy and Environment Netherlands Energy
Research Foundation, Petten, The Netherlands.

® Cembureau, 1997b. Best Available Techniques for the Cement Industry, Brussels: Cembureau.

* COWIconsult, March Consulting Group and MAIN. 1993. Energy Technology in the Cement
Industrial Sector, Report prepared for CEC - DG-XVII, Brussels, April 1992.

® Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

® Bhatty, J. I., F. M. Miller and S. H. Kosmatka (eds.) 2004. Innovations in Portland Cement
Manufacturing. Portland Cement Association.

" COWIconsult, March Consulting Group and MAIN. 1993. Energy Technology in the Cement
Industrial Sector, Report prepared for CEC - DG-XVII, Brussels, April 1992; Vleuten, F.P. van der.
1994. Cement in Development: Energy and Environment Netherlands Energy Research Foundation,
Petten, The Netherlands.

® Vleuten, F.P. van der. 1994. Cement in Development: Energy and Environment Netherlands Energy
Research Foundation, Petten, The Netherlands.

® Jaccard, M.K. & Associates and Willis Energy Services Ltd. 1996. Industrial Energy End-Use
Analysis and Conservation Potential in Six Major Industries in Canada. Report prepared for Natural
Resources Canada, Ottawa, Canada.



Gk P B A

? i

3o

7

A\

3
B

i
|

:_g.

%)

EUUUU UUUUUUI&

BCRARLE YL ST I T (BetF =K e AP I Hreeies) » Bhatty, J. 1., F. M. Miller #7 S. H. Kosmatka %7, #4227k
Bz, 2004,

KRB

o PEBERKYE) BT REKIER BT S =AAE AL, K 2500t/d LR H iR
EF] 72%. 2T E AU B B KA HIE o] LU 207K

o fESLH Alpena BLiEEIKYE] T, EN RIS 10%M 2, [N N RIS AT A,
R AU BAIBIE, Mg mak o, e RNl BalEAPIR
M2 TRBAR LA R G BRI, BA SRR iRk 207TMIft. fig
FE 6.6kWhit. HH B4 HLIREER TIREEIRE+56°C o B THGFERRMK, w154 IRk} 3%,

19 Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report
on Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

1 Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report
on Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

12 Bump, J. A. of LaFarge Corp. (1996). New cooler installed at Lafarge Alpena Plant: Fuller
Controlled Flow Grate (CFG) Clinker Cooler (Cement Plant). Cement Industry Technical Conference,
1996. XXXVIII Conference Record., IEEE/PCA. April 14-18, 1996.




KB E R R G RIE0E

R 2 NIRRT — B RN PUR JUIAS AR SR KGR T VE ], ANsE e hbeid
) CO I i LA e ad Z i 8 2 S ARARIRGE R 40 3 B H Ao B KIGETEAR, s ikl
5 ZURARR A Ui 0 2R . Nt R B2 FER . Lowes Al Bezant - 1990 4F
8 H 30 o B G A R O A N RGeS RRIE 1 Adelaide K24 5T HE R e R R AT B
FHF e SR 23 Bl S E SRR 8% . 1ZIIEARIZH T “i@shmidt” LRHAR,
BT RO SR RO IR, X R A e L I S S R R T A
TERERAMT SN PR ETERKERE RES WA, XRS5 R
G CAARIIE B8 0T (R S AR 4

BE VR /PR B8/ p A I F AR 25 -

o KV IR 2 R 1 T i R e 5 A B T DA CSGE SR SR IE 1T DL NOx HEJi

o ZIHEIARRIAS T o AR SCHRHEWT H AN 1 B Tu R FE R 2R A = 5 77 .

LM IR

HEFERA RS, A KT FCT International,
http://www.fctinternational.com/splash/about_fct/fct combustion/products_fct combustion/gyrotherm/body.htm

RO
o f£ Blue Circle /Kg) R 1 iz K AR BRI BR 7 BB AL U, WA T
10% I BARHEFE?.

o GLEIFR L Fh I T ASE A AL i ) KO R AT AR AT IA 2 B 10% I E AR

o TEMLKFIIM Adelaide Brighton 7K¥e) AT i ixX Fiig i BRI 50 IE AL, 25 R 7E
P2 10% B0 FIERETT L 8R0K 5%2] 10%*.

o P —IRAEEE Ash Grove | BEATHIIRIEIRL 45 F VIR 5%F] 9%, [FIN 5L
2.7%3% 5.7%°°,

! Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S.
Department of Energy, Washington D.C., USA.

2 Lowes, T.M. and Bezant, K.W. 1990. Energy Management in the UK Cement Industry Energy
Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.

® Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S.
Department of Energy, Washington D.C., USA.

* Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),
International Energy Agency. 1997. Revolutionary low-NOXx high-efficiency gas burner, Sittard, the
Netherlands: CADDET.

> Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),
International Energy Agency. 1997. Revolutionary low-NOXx high-efficiency gas burner, Sittard, the
Netherlands: CADDET.

® Videgar, R., Rapson, D. and Dhanjal, S., 1997. Gyro-therm Technology Boosts Cement Kiln Output,

Efficiency and Cuts NOx Emissions. Proceedings 1997 IEEE/PCA Cement Industry Technical
Conference XXXI1X Conference Record, Institute of Electrical and Electronics Engineers: New Jersey.



http://www.fctinternational.com/splash/about_fct/fct_combustion/products_fct_combustion/gyrotherm/body.htm




[B] %% 2 SR FH P 1B - PR R LT RBHBUR

R L ERZERGER A BRI RS BT, By B 0 Jo i LR N &
Wo XFECT R —RE CRik i TR 40%) o &b Bil i) — O E B RR
ToRBE BRI R — R ELBI3E R, AL ECHs T SR 2 7™ 53R ]
%w%ﬂ%ﬂWFiﬁﬁ%ﬁ,k%ﬁ%,u&%%&%%@ﬁﬁ%ﬁm%ﬁﬂwmw
BN TG R ARMABE R . BUAE, BRI 2 AR TR R T hiE BRI R Gt X
MERGEH, —IRXANMBRAAE ERENE N BB K T IREA KT, it
JHE RS B AR AR R TR iR BB B B B — UROXTE ik BE RS 100 % ZE R e
o M RAZEIERGESS, KRB — R KIED, — ARG FEIRE R
Wﬂ%ﬁu%o%L%WF%Lﬂ?%%km g %%%ﬁ%ﬂﬁ%é%%ﬁo%

A R pe A IR A L URYE — s U N 2 B 1 22t AT

ﬁd)ﬁ/ﬂ BRI A I F A 25
%%%ﬁm%%TummNmmﬁﬂu&Mﬁ%ﬂMMn,mm LR

o HEFSMIMANESSHEEEIRST 75MIt Bkl e e R R SED 20%
B 30% I 25, AT LR 15 B 22MI/t 2kl (0.51~0.75kgee/t Bk .

o IXUBIRALIRBEI St TT LAIE KA R A i DA K BRI NOX HER . 117 5 22 (3 AEE T B
AIBEA
Hh ) PR 28 435 (1) S S 7 T 75 2 P — 58 B s e 4% ot o

#ﬁ@jﬁﬁ

Dust
collector

Salid fuel mill Conveying
air blower

JHFEFLRZE, T (P2 KA~ ) F 324 ) , Bhatty, J. |, F. M. Miller 77 S. H. Kosmatka %, J7E24kE 1)
£, 2004,

BRI

o 1997 4, T Colton, HIFIAEFIEM HIAEE2/KYE] R T AIH8REL 258,  NOX
HERE /> 30%%1] 50%, FFHAEBREIFIIAN T# 6. R RGN 5 J
L IEX T —2K4E 7 680000 MR BRI AE 2R, MIXT 7.4 SEouhEmiEEL,

! Smart, J. and B. Jenkins. 2000. Combustion in the Rotary Kiln, The Combustion Institute, Leeds,
UK. Available at: http://www.chemeng.ucl.ac.uk/research/combustion/nl2000_1/nl00_1_9.html

Z Bhatty, J. I., F. M. Miller and S. H. Kosmatka (eds.) 2004. Innovations in Portland Cement
Manufacturing. Portland Cement Association.

% Smart, J. and B. Jenkins. 2000. Combustion in the Rotary Kiln, The Combustion Institute, Leeds,
UK. Available at: http://www.chemeng.ucl.ac.uk/research/combustion/n12000_1/nl00_1_9.html



PRAL R R U R I B A VLI 2

HiR: AN HEHIREE H 1200°C R 100°C . B KA HHLKZ N2 EA P
BHEFNEAYL. AP RGBT OGS B 25 A PR = IR KGR it R
HE B AHLE N T KB A A P2 R AR P2 28 (ELF) 10000tpd) o BEAHLAE A XHLAE T
B EiR A R EEVE A SR XGE A . SRR EINL TR 5%

2200t/d 31| 5000t/d A== £k ) il A HIHL CH 15 10%5) 3300t/d 2] 4400t/d A 7=4%)
HWAFEAMLFER, JUPAE LRSS, A T HRERLS. EZRTEAN
({5 J2 DL A1 4% 7 R MBe R Hh e idt et 2 =X BE A B8 it 58 )

REVR/ZR 55/ LA A 3 «

o EANLATEL 1.3-1.6GI Bkl ES, S ERCR B R EE R, EHEE
J R DA KR FH i AL B A L0 [ BE A HLR S

o IREEAPUIEINCR AT AT LMK, (H Rt 2 52 SRk B ARHERUK .

o P E AN A H R 4347 PT DARRARBRHEE g M = SR

o HREINENSCRIE ] DAL A RIS R R IR R, AT BRI A

e Birch 7£ 1990 42 RiE L1k B A HLIRAETTZ) 0.05 £ 0.08GI/t #4kL (2~3kgceel/t #k}
) #&, Holderbank1993 42 Eif i tiuis B A ML 112 0.16GJ/t 2kl (5.4kgeeft #vkl
) #E®. COWIconsult et al 7£ 1993 #2%454) 0.08GJ/t #ukl (3kgee/t k) #h &,
(B30T 2kWhit Bkl B &7

o S, HEANXAHHBMRITERNEAI, WAL —F, 8EH N 0.22 FuEHE
(SR

o T EA NSRRI A Sk ) — a8 04, IXRERE AT AR ik Rl R
SURT LAED EA DL 4

o EISNHEGEA P M T DA i AR EICR 2% 5%.

o AN 0.11 F) 0.33 £ JuARER I BES,

GBS A

1 Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

2 Buzzi, S. and G. Sassone. 1993. Optimization of Clinker Cooler Operation, Proc. VDZ Kongress
1993: Verfahrenstechnik der Zementherstellung Bauverlag, Wiesbaden, Germany: 296-304; Vleuten,
F.P. van der. 1994. Cement in Development: Energy and Environment Netherlands Energy Research
Foundation, Petten, The Netherlands.

® Buzzi, S. and G. Sassone. 1993. Optimization of Clinker Cooler Operation, Proc. VDZ Kongress
1993: Verfahrenstechnik der Zementherstellung Bauverlag, Wiesbaden, Germany: 296-304

* Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

® Buzzi, S. and G. Sassone. 1993. Optimization of Clinker Cooler Operation, Proc. VDZ Kongress
1993: Verfahrenstechnik der Zementherstellung Bauverlag, Wiesbaden, Germany: 296-304; Lesnikoff,
G. 1999. Hanson Cement, Cupertino, CA, personal communication.

® Birch, E. 1990. Energy Savings in Cement Kiln Systems Energy Efficiency in the Cement Industry
(Ed. J. Sirchis), London, England: Elsevier Applied Science: 118-128; Holderbank Consulting, 1993.
Present and Future Energy Use of Energy in the Cement and Concrete Industries in Canada, CANMET,
Ottawa, Ontario, Canada.

" COWIconsult, March Consulting Group and MAIN. 1993. Energy Technology in the Cement
Industrial Sector, Report prepared for CEC - DG-XVII, Brussels, April 1992.

& 'Young, G. 2002. Personal communication from Gerald 1. Young, Penta Engineering Corp., St. Louis
Missouri, March.
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® The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/SGS-UKL1159866250.93/view
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Phillips Enviro Z#7, A&/ 7 Phillips M4
http://216.216.92.11/profile/default.cfin?content=3010200

KL DRYER

T y J T
hup:/216.216.92. 11/profile/default. cfin?content=3010200

%’VU'WI Jus

o Philips AR5 FA LR TS Tt FLAE 28 N 10 AR SR i AR R 245 B0 R A 6 2 B T
REHNEHE 0.4% (0.011GJ/t #klak 0.38kgeel/t #okl) 2,

! Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

2 Canadian Lime Institute. 2001. Energy Efficiency Opportunity Guide in the Lime Industry, Office of
Energy Efficiency, Natural Resources Canada, Ottawa, ON.

® Philips Kiln Services. 2001. Philips Enviro-Seal, Case Study — M/S Maihar cement, Available at:
http://www.kiln.com, accessed November 2001.
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! The adoption of low temperature waste heat recovery for electricity production in cement plants
changes the temperature profile of the flue gas which may impact the low-temperature, catalytic dioxin
formation reactions. Heat recovery from waste-to-energy boilers increases the residence time for the
flue gas at the dioxin formation temperature window (700 -200 C) increases dioxin formation. Flue gas
cooling temperature profile is one the important factors determining dioxin formation potential of a
combustion facility. Some hazardous waste incinerators use rapid flue gas quenching to reduce
residence time of the flu gas passing through the formation window for controlling dioxin formation.
On the other hand, it may be due to less boiler surface area in the optimum temperature window in
quenched vs. non-quenched systems, rather than a gas residence time. The surface area tends to
accumulate reactive carbon and trace metals. More area likely means higher D/F concentrations.
Research is needed to find out whether there is significant effect of waste heat recovery on dioxin
emissions from cement kilns (Lee, C-W., 2006. Personal communication with Chun-Wai Lee, U.S.
Environmental Protection Agency, Office of Research and Development, National Risk Management
Research Laboratory. Gullett, B., 2006. Personal communication with Brian Gullett, U.S.
Environmental Protection Agency, Office of Research and Development, National Risk Management
Research Laboratory.).

2 Global Environment Institute (GEI). 2005. Financing of Energy Efficiency Improvement for Cement
Industry in China. January.

% Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

* Pan, Jiong. 2005. The technique and application of power generation by waste heat in moderate and
low temperature in cement plant (in Chinese). www.chinacement.org

® Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

® Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.

" Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).
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& Global Environment Institute (GEI). 2005. Financing of Energy Efficiency Improvement for Cement
Industry in China. January.

® Anhui Ningguo Cement Plant, 2002. The Report on Power Generation by Waste Heat of the Kiln in
Ningguo Cements Plant. http://green.cei.gov.cn/doc/LY31/200204192475.htm (in Chinese).

19" China National Building Material Group Corporation (CNBM), 2005. Zhonglian Julong Huaihai
Cement Co., Ltd.: Low Temperature Residual Heat Power Generation Project. Presentation by CNBM,
October, 2005.

1 Beijing Energy Investment Company (BEIC), 2006. Electrical Power Station with Pure Low
Temperature & Waste Heat in Beijing Cement Ltd.; Geothermal Heating Supply in BioYuan Uptown.
Presentation on CDM proposed projects by BEIC.

12 Global Environment Institute (GEI). 2005. Financing of Energy Efficiency Improvement for Cement
Industry in China. January.

3 Guo, Jie. 2004. The contract of flash distillation waste heat power generation demonstration project
of Taishan Cement signed (in Chinese). Available at http://cncement.com

" Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report
on Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.
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> Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report
on Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.
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! Technically, organic rankine cycles or Kalina cycles (using a mixture of water and ammonia) can be
used to recover low-temperature waste heat for power production, but this is currently not economically
attractive, except for locations with high power costs. In China, however, low temperature heat is being
recovered; see previous measure for details.

2 Steinbliss, E. 1990. Traditional and Advanced Concepts of Waste Heat Recovery in Cement Plants
Energy Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science
¥ Jaccard, M.K. & Associates and Willis Energy Services Ltd. 1996. Industrial Energy End-Use
Analysis and Conservation Potential in Six Major Industries in Canada. Report prepared for Natural
Resources Canada, Ottawa, Canada.

* Neto, M. 1990. Waste Gas Heat Recovery in Cement Plants Energy Efficiency in the Cement
Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.

® Steinbliss, E. 1990. Traditional and Advanced Concepts of Waste Heat Recovery in Cement Plants
Energy Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.
® Scheuer, A. and Sprung, S., 1990. Energy Outlook in West Germany’s Cement Industry. Energy
Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.

" Neto, M. 1990. Waste Gas Heat Recovery in Cement Plants Energy Efficiency in the Cement
Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science.

8 Jaccard, M.K. & Associates and Willis Energy Services Ltd. 1996. Industrial Energy End-Use
Analysis and Conservation Potential in Six Major Industries in Canada. Report prepared for Natural
Resources Canada, Ottawa, Canada.

® United States Geological Survey, 2001. Minerals Yearbook, Washington, D.C., USGS. Available at
http://minerals.er.usgs.gov/minerals/.
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! Birch, E. 1990. Energy Savings in Cement Kiln Systems Energy Efficiency in the Cement Industry
(Ed. J. Sirchis), London, England: Elsevier Applied Science: 118-128.

% Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

® Birch, E. 1990. Energy Savings in Cement Kiln Systems Energy Efficiency in the Cement Industry
(Ed. J. Sirchis), London, England: Elsevier Applied Science: 118-128.
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BN, E AT hitp://news.thomasnet.com/fullstory/4650

! Regitz, John. 1996. Evaluation of Mill Drive Options IEEE Transactions on Industry Applications 3

32: 653.
2 Holland, M. 2001. AC DC Kilns, Proc. 2001 IEEE-IAS/PCA Cement Industry Technical

Conference: 75- 84.
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! Global Environment Institute (GEI). 2005. Financing of Energy Efficiency Improvement for Cement
Industry in China. January.

2 “Key” Chinese plants generally refer to large, centrally administered state-owned enterprises (Sinton,
J.E., 1996. Energy Efficiency in Chinese Industry: Positive and Negative Influences of Economic
System Reforms. PhD Thesis, University of California- Berkeley).

® Liu, F., M. Ross and S. Wang. 1995. Energy Efficiency of China’s Cement Industry. Energy 20 (7):
669-681.

% Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

> Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.
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! Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective, U.S.
Department of Energy, Washington D.C., USA; Liu, F., M. Ross and S. Wang. 1995. Energy
Efficiency of China’s Cement Industry. Energy 20 (7): 669-681.

2 Liu, F., M. Ross and S. Wang. 1995. Energy Efficiency of China’s Cement Industry. Energy 20 (7):
669-681.

¥ Cui, Y., 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of Technical
Information for Building Materials Industry of China (ITIBMIC).
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! Martin, G. and S. McGarel. 2001a. Automation Using Model Predictive Control in the Cement
Industry. Pavillion Technologies, Inc., Austin, TX (based on a paper published in International Cement
Review, February: 66-67). Available at: http://www.pavtech.com/

2 Albert, O., 1993. MCE — An Expert System for Mill Plant Control, Krupp Polysius, Germany

® Rockwell Automation, 2004. Online Control at Major Cement Company in Asia Pacific Maximizes
Throughput, Lowers Product Quality Variation to 30% and Reduces Specific Energy Consumption by
3%. Pub No ELPPVP-AP-009A-EN-D

* Pavilion Technologies. “Easy as APC”.

® Lauer, D, Becerra, K., Deng, D.J, 2005. “Maximizing Mill Throughput,” International Cement
Review.

® Spear, M., 2004. “Cementing Success,” Process Engineering, pp 27-28.
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" Albert, O., 1993. MCE — An Expert System for Mill Plant Control, Krupp Polysius, Germany.

8 Van den Broeck, M., 1999. GO Control Goes ‘Multi-Circuit’ International Cement Journal 1,
pp.35-37.

° Goebel, Alexander, 2001. Personal communication with Alexander Goebel, Krupp Polysius,
Beckum, Germany, December 20", 2001

19 Martin, G. and S. McGarel. 2001a. Automation Using Model Predictive Control in the Cement
Industry. Pavillion Technologies, Inc., Austin, TX (based on a paper published in International Cement
Review, February: 66-67). Available at: http://www.pavtech.com/

1 Martin, G., S. McGarel, T. Evans, and G. Eklund. 2001. Reduce Specific Energy Requirements
while Optimizing NOx Emissions Decisions in Cement with Model Predictive Control, Personal
Communication from Pavilion Technologies, Inc., Austin, TX, December 3.
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! Cembureau, 1997b. Best Available Techniques for the Cement Industry, Brussels: Cembureau;
Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

% Bhatty, J. I, F. M. Miller and S. H. Kosmatka (eds.), 2004. Innovations in Portland Cement
Manufacturing. Skokie, IL: PCA.

® Simmons, M., Gorby, L., and Terembula, J., 2005. “Operational Experience from the United States’
First Vertical Roller Mill for Cement Grinding,” IEEE.

* Schneider, U., "From ordering to operation of the first quadropol roller mill at the Bosenberg Cement
Works," ZKG International, No.8, 1999: 460-466.

® The United Nations Framework Convention on Climate Change (2008) CDM project documents
available at: http://cdm.unfccc.int/Projects/DB/DNV-CUK1160716504.46/view
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The Bateman-KHD Roller Press.
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! Seebach, H.M. von, E. Neumann and L. Lohnherr, 1996. State-of-the-Art of Energy-Efficient Grinding
Systems ZKG International 2 49 pp.61-67.

2 Bhatty, J. I., F. M. Miller and S. H. Kosmatka (eds.), 2004. Innovations in Portland Cement
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® Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),
International Energy Agency, 1997b. Saving Energy with Efficient Compressed Air Systems, Maxi
Brochure 06, Sittard, The Netherlands

” Nadel, S., R.N. Elliott, M. Shephard, S. Greenberg, G. Katz and A.T. de Almeida (2002). Energy-
Efficient Motor Systems: A Handbook on Technology, Program and Policy Opportunities. American
Council for an Energy-Efficient Economy, Washington, D.C.

& United States Department of Energy (DOE) (1998). Improving Compressed Air System Performance
- A Sourcebook for Industry. Office of Industrial Technologies, Washington, D.C.
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! Radgen, P. and E. Blaustein (eds.), 2001. Compressed Air Systems in the European Union, Energy,
Emissions, Savings Potential and Policy Actions, Fraunhofer Institute for Systems Technology and
Innovation, Karlsruhe, Germany.

2 Galitsky, C., E. Worrell and A. Radspieler of LBNL and P. Healy and S. Zechiel of Fetzer
Vineyards. 2005. BEST Winery Guidebook: Benchmarking and Energy and Water Savings Tool for
the Wine Industry. Berkeley, CA: Lawrence Berkeley National Laboratory, May, LBNL 3184.
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! Parekh, P., 2000. Investment Grade Compressed Air System Audit, Analysis, and Upgrade, In:
Proceedings 22nd National Industrial Energy Technology Conference Proceedings. Houston, Texas.
April 5-6: pp 270-279.

2 Lawrence Berkeley National Laboratory (LBNL) and Resource Dynamics Corporation, 1998.
Improving Compressed Air System Performance, a Sourcebook for Industry, prepared for the U.S.
Department of Energy, Motor Challenge Program, Berkeley, CA: LBNL.

® Galitsky, C., S.C. Chang, E. Worrell, and E. Masanet (2005). Energy Efficiency Improvement and
Cost Saving Opportunities for the Pharmaceutical Industry: An ENERGY STAR Guide for Energy and
Plant Managers. Lawrence Berkeley National Laboratory, Berkeley, California. Report LBNL-57260.
* Lawrence Berkeley National Laboratory (LBNL) and Resource Dynamics Corporation, 1998.
Improving Compressed Air System Performance, a Sourcebook for Industry, prepared for the U.S.
Department of Energy, Motor Challenge Program, Berkeley, CA: LBNL.

® Radgen, P. and E. Blaustein (eds.), 2001. Compressed Air Systems in the European Union, Energy,
Emissions, Savings Potential and Policy Actions, Fraunhofer Institute for Systems Technology and
Innovation, Karlsruhe, Germany.
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! Industrial Assessment Centers (IAC) (2005). Industrial Assessment Centers Database. Rutgers
University, New Brunswick, New Jersey. http://iac.rutgers.edu/database/

% Cayless, M. A. and A. M. Marsden (Eds.) (1983). Lamps and Lighting. Edward Arnold, London,
England.

® Galitsky, C., S.C. Chang, E. Worrell, and E. Masanet (2005a). Energy Efficiency Improvement and
Cost Saving Opportunities for the Pharmaceutical Industry: An ENERGY STAR Guide for Energy and
Plant Managers. Lawrence Berkeley National Laboratory, Berkeley, California. Report LBNL-57260.
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! Price, A. and M.H. Ross, 1989. Reducing Industrial Electricity Costs — an Automotive Case Study,
The Electricity Journal. July: 40-51.
2 Price, A. and M.H. Ross, 1989. Reducing Industrial Electricity Costs — an Automotive Case Study,
The Electricity Journal. July: 40-51.



FH TR0 5 R e KT AR vt R T P R i AT
il AR (HID) KT BRSO (U8, A T Mool B
BURBRIR L, TIRE P R,

BEVR /PR B8/ p A I F At e 28

o WMARGIMMBIRZ . BEFEAR, T, WOGEDL, Bk, BiEFEIVEL, ML
TR, SRR

o HBRETOEKT hARTE S B x4k HID 75 6E 50%.

o JHOLIEHIAEH T &R =Y HID, Ftrldt—51ihg.

o RGN ZINS185/E, fFE LR,
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! Martin, G., T. Lange, and N. Frewin. 2000. Next Generation Controllers for Kiln/Cooler and Mill
Applications based on Model predictive Control and Neural Networks, Proceedings IEEE-IAS/PCA
2000 Cement Industry Technical Conference, Salt Lake City, UT, May 7th — 12th.
2 Martin, G., T. Lange, and N. Frewin. 2000. Next Generation Controllers for Kiln/Cooler and Mill
Applications based on Model predictive Control and Neural Networks, Proceedings IEEE-IAS/PCA
2000 Cement Industry Technical Conference, Salt Lake City, UT, May 7th — 12th.
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! United States Environmental Protection Agency (U.S. EPA), 2001. “Green Lights Program (Part of
the ENERGY STAR Program),” http://es.epa.gov/partners/green/green.html.

% Eley, C., T. M. Tolen, J. R. Benya, F. Rubinstein and R. Verderber (1993). Advanced Lighting
Guidelines: 1993. California Energy Commission, Sacramento, California.

® Cook, B. (1998). High-efficiency Lighting in Industry and Commercial Buildings. Power
Engineering

Journal. October: 197-206.
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! Cembureau, 1997b. Best Available Techniques for the Cement Industry, Brussels: Cembureau.

2 Institute of Technical Information for Building Materials Industry (ITIBMIC). 2005. A Survey on the
Chinese Market of Cement Admixtures for Holcim Company.

® Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

* Institute of Technical Information for Building Materials Industry (ITIBMIC). 2005. A Survey on the
Chinese Market of Cement Admixtures for Holcim Company.

> Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

® To avoid disclosing proprietary data, the USGS does not report separate value of shipments data for
“cement-quality” fly ash or granulated blast furnace slag, making it impossible to estimate an average
cost of the additives.
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" Buzzi, S. 1997. Die Horomill® - Eine Neue Miihle fiir die Feinzerkleinerung, ZKG International 3
50: 127-138.

® Institute of Technical Information for Building Materials Industry (ITIBMIC). 2004. Final Report on
Cement Survey. Prepared for the United Nations Industrial Development Organization (UNIDO) for
the Contract Entitled Cement Sub-sector Survey for the Project Energy Conservation and GHG
Emissions Reduction in Chinese TVEs-Phase Il. Contract no. 03/032/ML, P.O. No. 16000393,
September 9.
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! Cement Kiln Recycling Coalition (CKRC). 2002. Volume of Hazardous Wastes Used as Fuel in
Cement Kilns Washington, D.C. Available at: http://www.ckrc.org/infocen.html.

% Hendriks, C.A., E. Worrell, L. Price, N. Martin and L. Ozawa Meida. 1999. The Reduction of
Greenhouse Gas Emissions from the Cement Industry, IEA Greenhouse Gas R&D Programme,
Cheltenham, United Kingdom (Report PH3/7), May.

® Cement Kiln Recycling Coalition (CKRC). 2002. Volume of Hazardous Wastes Used as Fuel in
Cement Kilns Washington, D.C. Available at: http://www.ckrc.org/infocen.html.

* Hendriks, C.A., E. Worrell, L. Price, N. Martin and L. Ozawa Meida. 1999. The Reduction of
Greenhouse Gas Emissions from the Cement Industry, IEA Greenhouse Gas R&D Programme,
Cheltenham, United Kingdom (Report PH3/7), May; Cembureau, 1997b. Best Available Techniques
for the Cement Industry, Brussels: Cembureau.

® Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC); Wang, Xuemin, 2006a.
Personal communication with Prof. Wang Xuemin of the Institute of Technical Information for
Building Materials Industry of China (ITIBMIC). February.

® Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

" Wang, Xuemin, 2006. Personal communication with Prof. Wang Xuemin of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC). February.

& Wang, Xuemin, 2006. Personal communication with Prof. Wang Xuemin of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC). February.

® Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),
International Energy Agency. 1996. Tyres used as fuel in cement factory, Sittard, the Netherlands:
CADDET.

% Gomes, A. S. 1990. Energy Saving and Environmental Impact in the Cement Industry, Energy
Efficiency in the Cement Industry (Ed. J. Sirchis), London, England: Elsevier Applied Science: 23-26.
1 Venkateswaran, S.R. and H.E. Lowitt. 1988. The U.S. Cement Industry, An Energy Perspective,
U.S. Department of Energy, Washington D.C., USA.
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12 Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET),
International Energy Agency. 1996. Tyres used as fuel in cement factory, Sittard, the Netherlands:
CADDET.
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! Detwiler, R.J. and P.D. Tennis. 1996. The Use of Limestone in Portland Cement: a State-of-the-Art
Review, Skokie, IL: Portland Cement Association.
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! Holderbank Consulting, 1993. Present and Future Energy Use of Energy in the Cement and Concrete
Industries in Canada, CANMET, Ottawa, Ontario, Canada.

2 Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

% Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK

* Alsop, P.A. and J.W. Post. 1995. The Cement Plant Operations Handbook, (First edition), Tradeship
Publications Ltd., Dorking, UK
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! United States Department of Energy, Office of Industrial Technologies (U.S.DOE OIT). 1996.
Energy and Environmental Profile of the U.S. Iron and Steel Industry, Washington, DC: U.S.DOE OIT.
% Cui, Y., 2004 and 2006. Personal communication with Prof. Cui Yuansheng, VP of the Institute of
Technical Information for Building Materials Industry of China (ITIBMIC).

® Worrell, E., L. Price, N. Martin, C. Hendriks and L. Ozawa Meida. 2001. Carbon Dioxide Emissions
from the Global Cement Industry, Annual Review of Energy and the Environment 26: 303-329.

* Battye, R., S. Walsh, J. Lee-Greco. 2000. NOx Control Technologies for the Cement Industry,
Prepared for U.S. Environmental Protection Agency, Triangle Park, NC.

> Battye, R., S. Walsh, J. Lee-Greco. 2000. NOx Control Technologies for the Cement Industry,
Prepared for U.S. Environmental Protection Agency, Triangle Park, NC.

® Battye, R., S. Walsh, J. Lee-Greco. 2000. NOx Control Technologies for the Cement Industry,
Prepared for U.S. Environmental Protection Agency, Triangle Park, NC.



